Powerful tests are now available for the detection of prostate cancer, both more frequently and at an earlier and usually more curable stage. In some countries of the world, mainly the United States and some European countries, serum prostate-specific antigen (PSA) and rectal examination-based screening is routinely applied to men at risk. In other countries, particularly in Northern Europe, routine application of screening procedures for prostate cancer is not accepted for a number of reasons: knowledge about the natural history of early lesions suggests that indiscriminate use of these tests will lead to overdiagnosis and overtreatment, information on the effectiveness of treatment from randomized trials is unavailable, and no evidence exists that early diagnosis and treatment will lead to an improvement of disease-related and overall mortality. In this article a number of critical and controversial issues of screening for prostate cancer are reviewed. This includes the risk of prostate cancer to patients, the efficacy and acceptability of the screening tests, the issue of overdiagnosis in relation to the natural history, evidence concerning the effectiveness of treatment, and the chances that early treatment may lead to an improvement of prostate cancer mortality. In relation to these points it is concluded that prostate cancer is a frequent cause of death in men and that at present the possibility of early diagnosis and treatment represents the only possibility of cure. The question whether cure is necessary in every identified case or in identifiable subgroups remains unanswered at this time. Although the individual positive predictive value of the screening tests is low, a combination offers higher positive predictive values that are in the range of 70-80%. With proper streamlining of the screening tests, it may be possible in the future to detect one cancer in 2.5-3.0 biopsies. The most efficient use of the screening tests in the general population still remains to be determined. Estimates related to the amount of overdiagnosis are made. Depending on the definition used, overdiagnosis with one round of screening for prostate cancer is probably in the range two-to threefold. The effectiveness of available treatment modalities compared with delayed management has not been studied in a prospective randomized manner. There is, however, indirect evidence, especially relating to the long-term survival of grade 3 patients and to the long-term normalization of serum PSA values after radical prostatectomy, that at least this treatment is effective. In conclusion, the use of the screening tests cannot be withheld from symptomatic men and those who wish to be examined for the presence of prostate cancer. Application to the general population should depend, however, on the result of a prospective randomized study that shows that early detection and treatment will decrease prostate cancer mortality. UROLOGYa 46: 62-70, 1995. 
S
creening for disease involves the use of diagnostic testing in the asymptomatic general population. Screening must be differentiated from diagnostic testing in symptomatic patients seeking medical consultation. Both types of diagnostic testing may, "Work presented in this paper is in part supported by the Dutch Cancer Society (NKB), the Prevention Fund of the Netherlands, and by grunt no. 9OCVO1110, item B 6470, 713, and 184, of the Europe Against Cancer program of the European Union.
From the Department of Urology, Erasmus University and Academic Hospital Rotterdam, Rotterdam, The Netherlands Requests for reprints: Fritz H. Schriider, M.D., Department of Urology, Erasmus University and Academic Hospital Rotterdam, P.O. Box 1738, 3000 DR Rotterdam, The Netherlands however, result in early diagnosis of disease. Wide use of screening in the general population is a controversial issue. The 1964 Declaration of Helsinki (and subsequent revision) discussed the issue of screening and concluded that "concerns for the interest of the subject must always prevail over the interests of science and society."' The question of whether even a randomized trial of screening for prostate cancer meets the resulting ethical requirements is still subject to debate.2 Thus, there are additional ethical concerns for clinicians whose use of diagnostic testing extends beyond the treatment of symptomatic patients.
Several large studies conducted in the United
States using serum prostate-specific antigen (PSA) measurement, digital rectal examination (DRE), and transrectal ultrasonography (TRUS) have shown that early detection of prostate cancer is possible. [3] [4] [5] [6] [7] In four of these studies, the men were recruited through advertisements, although none of the studies investigated the effect that that selection method may have had on the results. The studies have, however, clearly shown that up to 75% of the prostate cancer cases detected may be expected to be histologically confined to the prostate. Prostate cancer is a highly prevalent disease in men aged >55 years. It is the second leading cause of cancer death in men, accounting for 1% of all male deaths and lo-13% of all cancer deaths in Western countries. Figure 1 illustrates the relationship between prostate cancer incidence and rate of death from prostate cancer in The Netherlands in 1975-1976. The incidence is approximately twice as high as the rate of death, and both increase with increasing age.12 The fact that only one half of men clinically diagnosed with prostate cancer will die of the disease reflects the high rate of intercurrent deaths in this age group. In 1993, in The Netherlands and most other European countries, the ratio of prostate cancer incidence to death rate remained constant at 2: 1. In The Netherlands, 3500 men were diagnosed with prostate cancer and 1700 died of the disease. During the same year in the United States, 165,000 patients were diagnosed with prostate cancer and there were 35,000 deaths resulting from the disease.13 The higher ratio of incidence to death rate for prostate cancer in the United States of almost 5:l is likely a result of the use of screening tests in a higher proportion of the US population. A recent description and analysis of this phenomenon has been reported by Lu-Yao and Greenberg. l4 The increase in incidence in the United States is paralleled by an increase in the use of radical prostatectomy and radiotherapy to the primary tumor.
Do these tumors represent a risk to their carriers warranting aggressive diagnosis and treatment? Recent published reports suggest that the risk of dying as a result of prostate cancer for those who present with localized lesions may be as low as 13% in the lo-year period following diagnosis.15*16 The patient groups analyzed in these reports, however, had a very low prevalence of poorly differentiated cancer (4%) and a high average patient age (69-70 years), which obviously im P7 acted on the lo-year cancerrelated survival data. In contrast, in a retrospective iooo-- study of 536 men from a Swedish cancer registry, Aus 7 found a lo-and 15year cancer-related mortality of 50% and 63%, respectively. As might be expected, he identified a strong relationship between cancer-specific mortality and age that was not apparent in one of the previous studies. 16 In another cancer registry-based retrospective analysis, Stenman et al." found a median survival time after diagnosis of 3.6 years. The lo-and 15year survival data were strongly correlated to serum PSA level at the time of diagnosis and, for men with a level B4.0 ng/mL, the risk of mortality was 48% and 27%, respectively. The authors concluded that a lo-year observation period may not be representative because the rate of cancer death at lo-20 years after diagnosis with prostate cancer remains high. The cancer death rates in the study by Aus were specified for patients with locally confined disease.
Several groups have published decision-analysis models for the diagnosis and management of locally confined prostate cancer. 'g-2' These models rely on the availability of valid natural history data for key assumptions such as metastatic progression rates. All three of the studies cited here used the more favorable natural history data published by Johansson et a1.15 and thus would be subject to the criticisms already outlined. This points to the need for solid natural history data for prostate cancer. Available data are often confusing and conflicting, requiring interpretation that is dependent on personal biases and individual viewpoints.
Prostate cancer can only be cured if diagnosed in a locally confined state. Routine health care in Western Europe leads to the diagnosis of this disease in ad-64 vanced stages in ~-50% of cases. Clearly, earlier diagnosis is desirable. Recent case finding studies have enabled histopathologic characterization of tumors found during screening. In a large multicenter study in the United States using serum PSA measurement and DRE, Catalona et ~1.~ reported a rate of organconfined disease of 71% in 160 men who underwent a radical prostatectomy. Approximately 10% of these lesions might be considered clinically irrelevant based on tumor volume and grade of differentiation. Epstein et al.22 studied 157 patients diagnosed with prostate cancer solely using elevated sernm PSA level (Tic disease, TNM 1992). Even in this group of patients with nonpalpable and nonvisible disease, the rate of lesions that might be considered clinically insignificant was only 10%. Another 16% had tumors with a volume of 0.2-0.5 mL and Gleason grades <4. Thus, it appears that whether screening is used in symptomatic patients seeking treatment or in volunteers, advanced screening tests can identify localized and potentially curable disease in about 70-75% of cases. In addition, morphologic comparison to findings at autopsy and in clinically undiagnosed tumors found in radical cystoprostatectomy specimens can assist clinicians in identi fyi whom observation is appropriate.2 'ng patients for ,24 However, although these prognostic factors are predictive of favorable outcome, the individual outcome of each tumor remains unknown.
In summary, prostate cancer is a frequent cause of cancer death in men. Although only a very slow increase in prostate cancer mortality is predicted, prostate cancer incidence is rising quickly, especially in the United States. Earlier diagnosis and treatment is the only available approach that might be certain to decrease prostate cancer mortality. Whether this decrease in mortality can be achieved through earlier diagnosis and treatment is debated by investigators. Differences in opinion on this one issue are probably at the center of the differing geographic and national views.
DIAGNOSTIC TESTS FOR EARLY DETECTION
Screening tests should have a sensitivity and specificity of >90%. If the sensitivity is low, diagnoses will be missed. If the specificity is low, the number of false-positive diagnoses and the number of unnecessary tests performed may be unacceptable. Unfortunately, sensitivity and specificity cannot easily be determined for prostate cancer screening because the actual prevalence of the disease remains unknown. Thus, for prostate cancer screening, positive predictive value (PPV) should define the accuracy of available tests. PPV is expressed as the number of positive tests in patients with the disease divided by the total number of tests performed. The PPV values of DRE, TRUS, and serum PSA level B4.0 ng/mL as reviewed by Bentvelsen and Schrode? are shown in Table I and are unacceptably low. The PPV of test combinations has been reviewed by Mettlin et al."j On the basis of data produced in this and similar case finding studies, the ACS and AUA have excluded TRUS as a primary screening test and recommend instead a combination of DRE and serum PSA measurement. The recommendations indicate a biopsy if the serum PSA level is >4 ng/mL or the DRE is abnormal.
The use of the three tests in five pilot studies carried out in Rotterdam, The Netherlands, as a part of the European randomized prostate cancer screening study enables a comparison (Table II) . These studies differed with respect to the indication for biopsy: two studies indicated biopsy for small lesions discovered at ultrasonography and random biopsies in men with ing is still to be determined. Also, DRE and TRUS are operator-dependent tests. PSA is probably more reliable, but problems of quality control are still to be resolved. The differences seen between the Rotterdam data and Babaian's study may be a result of differing recruitment methods (recruitment from the population registry versus advertisement). The prevalence of prostate cancer in symptomatic populations will likely be higher than that in volunteer populations, as was shown by Cooner et aI." In this urology clinic-based study of symptomatic men, the prostate cancer detection rate was 16%. Although the use of these tests in large groups of men in the United States seems to "prove" their acceptability, studies of the psychologic impact of the entire early detection procedure, including the screening tests, are unavailable at this time. This information must be determined and made available, since it is relevant to judge the effects of early detection and treatment on quality of life of the screened men. Quality of life evaluations may be decisive in the eventual evaluation of the early detection procedure in general population-based studies.
In summary, individual screening tests for prostate cancer have a low PPV, which increases if combinations of the screening tests are considered. There appears to be some level of serum PSA below which DRE and TRUS should not be applied; the absolute level in the general population has not yet been determined. Determining this level may have great relevance for healthcare policy making, since the use of the more expensive tests may be avoided. Finally, the level of acceptability of the available tests in the general population has not yet been determined. This should preferably be done within the framework of large, randomized, population-based screening studies, since large, nonrandomized, case-finding studies to determine acceptability may be ethically unacceptable.
IS THE AMOUNT OF OVERDIAGNOSIS IN SCREENING FOR PROSTATE CANCER ACCEPTABLE?
Overdiagnosis of an individual tumor is difficult or impossible to define. There are no prognostic factors that reliably allow pretreatment differentiation of tumors that will become aggressive in the future from those that will not. However, the combination of serum PSA level at the time of diagnosis and tumor volume and grade determined at the time of radical prostatectomy allows a fairly accurate identification of those cases that may become progressive, as shown in the multivariate analysis by Epstein et ~1.~' In this study, "clinically unsignificant" prostate cancer was defined by a volume of CO.2 mL; "minimal disease" is characterized as measuring 0.2-0.5 mL, containing no Gleason 4 or 5 pattern, and being confined to the prostate. It is difficult to apply this information to the pretreatment situation, however, because of inaccuracy in determining a grade and tumor volume at the time the diagnosis is made.
Overdiagnosis in a general clinical sense is also difficult to define at this time. It indicates the diagnosis of prostate cancer in men who are not at risk of dying from or having progression of prostate cancer. Overdiagnosis in an epidemiologic sense can be defined as prevalence divided by mortality and with relation to screening efforts as the difference between the screening prevalence divided by mortality and the clinical prevalence divided by mortality: overdiagnosis= screening prevalence clinical prevalence mortality mortality
Using these formulas for the current situation in Europe as already described, it becomes evident that in most European countries 1 in 2 patients with prostate cancer will die of the disease; in the United States this ratio is reduced to 1 in 5 (the 1993 incidence of prostate cancer in The Netherlands was 3500 and the mortality was 1700; in the United States the incidence was 165,000 and mortality was 35,000). One of the problems of the definition of overdiagnosis applied is that the mortality changes that may result from ongoing screening efforts are not known. Present prostate cancer mortality may not be the same 10 or 15 years from now. Also, present knowledge about prostate cancer prevalence at screening is limited. The maximal follow-up in case-finding studies amounts to 4 years. Yet figures included in Table III give an impression of the possible extent of overdiagnosis with presently available information. This approach aims to identify the amount of potential overdiagnosis and resulting overtreatment by comparing lifetime prevalence and cross-sectional prevalence obtained at autopsy and calculates the risk of overdiagnosis using prevalence divided by lifetime mortality. It is evident that only about 10% of those prostate cancers that are detected at autopsy will be detected clinically during a patient's lifetime. That proportion is markedly increased with the application of histologic evaluation to men who have undergone surgical treatment for benign prostatic hyperplasia and in whom previously clinically unsuspected incidental carcinomas are found. Data for lifetime prevalence and lifetime mortality are adapted from the European community data.32 The prostate cancer detection (93) 1539 (93) 1035 (75) 132 (62) rates in first-round screening have been found to vary between 2.5% and 5%. The detection rate in annual screening rounds was approximately 0.5% after 1, 2, and 3 years.33 Fortunately, a very large proportion of the cancers found at autopsy remain undetected by presently available screening techniques. The low sensitivity of these tests is desirable in view of the risk of possible resulting overtreatment. In summary, overdiagnosis with one round of screening for prostate cancer is likely in the range of two-to threefold. Current information seems to indicate that not more than 8-10% of "pathologist's cancers" are detected. However, the number of patients with nonlethal prostate cancer diagnosed with current definitions of clinically unimportant carcinoma seems to be too small to account for the differences in incidence and mortality seen in the United States at present.22724 The question of how much overdiagnosis is acceptable or necessary can only be answered in the context of the possible decrease in prostate cancer mortality through early diagnosis. Proof of effectiveness of early detection measures is still lacking; it is hoped that the ongoing prospective randomized studies of screening for this disease that use prostate cancer mortality as an endpoint will produce the information necessary to answer this question.
IS PRESENTLY AVAILABLE TREATMENT OF LOCALIZED PROSTATE CANCER EFFECTIVE?
Unfortunately, no valid randomized studies comparing radical prostatectomy or radiotherapy to delayed treatment regimens have been published. The only randomized study that compares radical prostatectomy plus placebo to placebo treatment only has insufficient power to answer the question.34 Furthermore, an ongoing randomized treatment study in Scandinavia is unlikely to produce an answer because of methodologic problems and because the protocol excludes poorly differentiated prostate cancer (grade III). Adolfsson et a1.35 recently presented a literature overview in which lo-year cancer-specific survival rates in Tl and T2 prostate cancer were reevaluated by calculating weighted means and (1 -calculated mortality). The review compared the results of deferred treatment to those of radical prostatectomy and external radiotherapy (Table IV) . No attempt was made to correct for prognostic factors, although one of the most relevant prognostic factors, the presence of grade III tumors, was identified as being unevenly distributed between the three treatment groups. Assuming that at least half of those patients having grade III tumors may have been cured by surgery, the advantage of radical prostatec- In summary, randomized treatment studies comparing potential curative forms of management with observation are not available. Several randomized treatment studies are underway and it remains to be seen whether these studies will show favorable re-68 sults. In the meantime, available information suggests that with aggressive treatment a difference in prostate cancer mortality in the range of 1520% may emerge. There is increasing evidence that radical prostatectomy is capable of curing poorly differentiated prostate cancer as long as it is organ-confined.
In the meantime, men who present with symptoms or who request screening for prostate cancer cannot be refused the available diagnostic and treatment options. It is essential to provide patients with complete information about the risks of early diagnosis and the risk of overtreatment.
CONCLUSIONS
The controversies presented in this article are the major reasons for the geographic discrepancies in attitude concerning aggressive screening policies and early treatment of locally confined disease. No real progress can be expected in terms of decreasing cancer mortality in the short-term through improved management of metastatic disease or through the use of prognostic factors to characterize locally confined disease. Despite this, there is still great hesitancy in European countries to accept the US policies on screening and aggressive early management for prostate cancer.
Many European urologists, family physicians, and scientists remain uncertain about the selection of appropriate screening techniques, the risk of uncontrolled overdiagnosis and over-treatment, and the effectiveness of treatment. On the basis of these uncertainties, clinicians in many European countries conclude that screening is premature and that the effectiveness of early detection and early treatment should be studied in randomized screening studies with Y rostate cancer mortality as a major endpoint. 2,43 Randomized treatment studies in prostate cancer are difficult to conduct, and this is one reason why results of such studies are not available. A randomized screening study is underway in the United States as part of the National Cancer Institute's com-bined screening protocol for prostate cancer, lung cancer, colon cancers, and ovarian cancer. In my view a randomized screening study is the most logical next step. In Europe, a prospective randomized study of screening for prostate cancer is being conducted and coordinated by me.
